smaller than a critical value (k < kc, where kc is the cutoff wave number) are unstable.
The calculation of the cutoff wave number of the unstable spectrum has been previously attemptedby several author^.^^^^'^ The most common analytic models of the Rayleigh-Taylor instability of laser-illuminated pellets consider inviscid and incompressible fluids. The incompressible m~d e l~,~ is not self-consistent as the equilibrium and the perturbations are described by different equations. In this model, the equilibrium flow is compressible (V.U # 01, but the perturbation is assumed to be divergence-free (V.V = 0 ) . The incompressibility condition leads to a fourth-order differential equation for the perturbation that can be analytically solved. In other models?,6 the assumption of a divergence-free perturbation has been removed by retaining the effects of finite thermal conductivity. However, because of the difficulties in determining the analytic solutions, a sharp-boundary model has been used in representing the equilibrium. 5 Such an approximation to the equilibrium is not self-consistent since the plasma density in the blowoff region cannot be approximated by a flat profile. Subsequently, the growth rate has been calculated using a sharp-boundary model for the perturbations and a diffuse density profile for the equilibrium. l1 The density jump across the ablation front is calculated by retaining the thermal conductivity, and the derived growth rate is in good agreement with Takabe's numerical resu1ts.l Nevertheless, such a model is still not self-consistent since the equilibrium and perturbed quantities satisfy different equations. A more accurate treatment of the effect of finite thermal conductivity in a diffuse density profile can be found in Ref. 9 , where the growth rate of the instability is calculated semi-analytically by matching the analytic solution in the overdense region with the numerical solution in the blowoff region. The first truly analytical estimate of the cutoff wave number for direct-drive ICF without radiation effects (v = 2.5), including the effects of finite thermal conductivity, is derived in Ref. 10 . In that work, the Wentzel-Kramers-Brillouin (WKB) approximation is used to determine the solution in the downstream region assuming that the mode wavelength is smaller than the density-gradient scale length and the cutoff wave number is derived by connecting that solution with the one in the upstream region.
It is noteworthy that numerical simulations of indirect-drive ICF capsule implosions have shown a different growth rate of the instability in comparison with direct drive. We attribute this difference to the mechanism of energy transfer that, in indirectdrive ICF, is dominated by radiation transport over electronic thermal conduction. According to the simple model of Ref. 13 , the heat flux transported by radiation heat conduction is where U p = 4 o T 4 / c is the equilibrium radiation energy density and I is the Rosseland mean free path. The energy flux can be written in terms of the gradient of temperature and an effectiveradiationthermal conductivity K = 160 T31/c, where the radiation mean free path 1 is assumed to be proportional to some power of the temperature and density. Since the pressure-LLE Review, Volume 63 gradient scale length is much larger than the density and temperature gradient scale length in the ablation front ( p 2. const), the radiation heat conduction has a strong dependence on the temperature. Thus, it became clear that a cutoff wave number formula valid for a general thermal conduction law was needed. In this article, the formula for the cutoff is derived for an arbitrary power-law dependence of the thermal conductivity (K -TV) with v > I , and it can be applied to a wide class of equilibria described by different values of v. The corresponding eigenfunction is found by performing a "boundary layer" analysis of the solution in different regions of the density profile. The asymptotic matching of the eigenfunction through the boundary layers leads to an eigenvalue equation for the cutoff wave number. The analytically derived formula for the cutoff wave number is in excellent agreement with the numerical results of Ref. 6 for v > 1.
with the boundary condition 5 + -) = I . Equation (5) yields the density-gradient scale length L = h/[<'(l-<)I, and its minimum value6 is proportional to Although Eq. (5) cannot be solved analytically, an approximate solution can be found in the proximity of the peak density (6 = I or overdense region) and the blowoff region (5 << I):
The Model
Equation (6) shows that the density gradient is sharp near We consider an ablatively accelerated fluid in steady state.
the peak density where L = Lo and becomes smooth in the In the frame of reference of the ablation front, the evolution of blowoff region where L = -vy and -y >> Lo. It is important to the mass density p and the velocity v are described by the observe that the density-gradient scale length is determined by isobaric model of Kull and ~nisirnov' the thermal conductivity coefficient, the mass ablation rate, and the exponent V. The density profile becomes smoother as where g = ge,(g < 0), < = plp, is the density normalized to its peak valuk p,, and Lo is the typical length of the ablation front
Here. K, is the thermal conductivity at the peak density, A = mi/(l + Z) is the average particle mass, and yh is the ratio of specific heats. The parameter Lo can be related to the density-gradient scale length L = p(dp/dv)-l. Following Ref. 6 , the equilibrium density profile can be obtained by combining Eqs. (1) and (3) into a single first-order differential equation
where (a; -1 ) + a,) 
Here, V, > 0 and r, + 0-. Equation (8) Here 1 is the mode wavelength.
Equation (1 1) shows that anew solution is introduced by the finite thermal conductivity. Because of the diffusive character of thermal conduction, we denote the second term in Eq. ( I 1) as the diffusion or entropy solution. Since the mode amplitude is arbitrary, we set ah + bh = 1, define the ablation front variable z = j/tc, and expand the solution for z -1 and E, << 1. A short calculation yields Here, d, = <"+'(l-5)dt, i = c!-"/(l-{),and z = j/~, is the ablation front coordinate ( z -1 in the ablation front region). We look for a solution of Eq. (13) ( 1 5 4 The ablation front is the region where the density, velocity. and temperature profiles undergo a sharp variation. In this region, j -E,, L -I~, a n d 5 - 
L,
and the typical thickness of the ablation front, respectively. The derivation is carried out by expanding the eigenvalue equation in powers of Ilv and E = kLo and by performing a boundary layer analysis and asymptotic matching of the eigenfunction. The validity of the formula has been tested with the numerical solution of Ref. 6 up to values of v close to I, and the formula can be used for those equilibria (such as in indirect-drive ICF) that cannot be described by electronic heat conduction ( v = 2.5 and F r -5).
